Adenosine 3',5'-monophosphate suppresses metastatic spread in nude mice of steroidogenic rat granulosa cells transformed by simian virus-40 and Ha-ras oncogene.
8-Bromo-cAMP and substances elevating cAMP levels within cells, such as forskolin, cholera toxin, and Bordetella pertussis-invasive adenylate cyclase (BPAC), suppress the growth of cultured granulosa cells cotransfected by simian virus-40 (SV40) DNA and Ha-ras oncogene concomitantly with the induction of steroidogenesis and without affecting oncogene expression. We, therefore, tested the hypothesis that cAMP can modulate tumorigenesis and metastatic spread of these cells in vivo. The cotransfected cells induced rapid development of tumors when injected sc in nude mice. Tumor development was faster in less differentiated cotransfected cells originating from preantral ovarian follicles than in those obtained from highly differentiated transformed cells originating from preovulatory follicles. Cells transfected by SV40 DNA alone produced only slow-growing small tumors. Metastatic lesions of cotransfected cells were most abundant in lung and less frequent in ovaries, kidney, and spleen. No metastatic lesions were found in the liver. However, metastatic spread was dramatically suppressed when cotransfected cells injected into nude mice were pretreated with the invasive BPAC. In contrast, no suppression of metastases was observed when the cells were pretreated with 8-bromo-cAMP, forskolin, or cholera toxin. Removal of forskolin in cultured cotransfected cells yielded a rapid decrease in cAMP levels. In contrast, high levels of cAMP persist in cell cultures even several hours after 1-h pretreatment and subsequent removal of BPAC from the medium of culture cotransfected cells. It is suggested that the inhibitory effect of BPAC on the metastatic spread of these cells is due to prolonged elevation of cAMP in vivo. The newly established granulosa cell lines transformed by SV40 and the Ha-ras oncogene can serve as a model for further studies of cAMP modulation of carcinogenesis in ovarian malignancies.